Introduction
For the limitation of cavitation in respect to the avoidance or limitation of erosion a method for the determination and quantification of the hydrodynamic cavitation intensity (HCI) is needed. Investigations to find correlations between erosive intensity and noise emission of cavitation were reported for simple test configurations in [2] , [3] and [4] and for hydraulic turbomachines in [1], [5] and [6] . If such a correlation can be confirmed, acoustic sensors could be used for the indirect determination of the HCI. In order to gain quantitative information from the acoustic signaIs, on-site calibration of the measuring chains seems to be an absolutely necessary prerequisite.
Test facility and test configurations
The test section with a rectangular cross section was installed in a closed loop equipped with ail devices which are necessary for the control and measurement of the upstream velocity v o , the upstream pressure Po, the temperature and the gas content of the water. The test configurations (see Fig. 1 ) are based on a common concept which consists in the abstraction of the flow field and cavitation patterns from the real situation in pump impellers to simpler two-dimensional configurations. The first step of abstraction leads to a single hydrofoil showing a good geometrical similarity to an impeller blade. The second step leads to a Venturi-section of varying rectangular cross section where only the velocity, the pressure distribution and the cavitation pattern show similarity to those found in pump impellers but the geometry is more suitable for the insertion of probes and specimens.
The hydrofoil has a NACA 0015 cross section which was somewhat modified by increasing the nose radius to 6 % of the chord length (see Fig. 2 ). The hydrofoil was fixed at mid-height of the test section at different angles of attack O. The Venturi-contour is characterized by the fact that an essential part of the curved boundaries is formed by a cylinder which is partIy immersed into the test section.
Recherches sur la détermination de l'intensité de cavitation d'après des signaux acoustiques 
Pressure distribution and cavitation patterns
The theoretical pressure distribution was calculated using the method of singularities and assuming a twodimensional inviscid flow. Fig. 2 shows sorne pressure distributions along the low pressure surface (suction side) of the hydrofoil for various angles of attack 8. The dimensionless pressure coefficient cp is defined in the usual way as the pressure difference (P-Po) divided by the dynamic pressure of the ve10city Va. For the Venturi configuration the calculated pressure distribution is compared with experimental data in Fig. 3 and shows a good agreement for non cavitating conditions. The measured pressure distribution for the case of developed cavitation (cr = 3.5 at ln respect to the development of cavitation patterns with decreasing cr, a similar behaviour was observed for the Venturi and for the hydrofoil. The cavitation starts in the corners and with individual strips which merge and grow downstream until transition to detached and cyclic cavitation and further increase of the (time-averaged) cavitation length take place.
Dependence of acoustic signaIs on cavitation characteristics
As a typical result, with varying length or changing type of cavitation the frequency spectrum of signais only more or less shifts parallely (in the direction of the amplitude axis) without significant modification of the shape of the curves. This means that the final electrical signal are much more characterized by the transmission and conversion of the pressure waves and the subsequent signal conditioning than by the source of the acoustic signaIs itself. Based on these findings and on the assumption that the effects of transmission and conversion are Iinear, one may expect that variations of the strength of the acoustic source must lead to corresponding proportional variations of global quantities of the final signais (as e.g., the rms-value). Fig. 4 shows the variation of the rms-value with the cavitation number for the test configuration with the hydrofoil (8 = 6°, V o = 8 rn/s, AE transducer at different locations). The similar shape of the curves illustrates the strong correlation between the rms-values of the simultaneously registered acoustic signaIs of the two transducers. For both configurations, the same general dependence of acoustic signais on cavitation number exists, which is furtheron strongly correlated with variations and changes in cavitation patterns. With a decreasing cavitation number cr, after inception of cavitation the rms-values increase, pass through a local maximum and drop down to a local minimum when the cavitation begins to cover the whole span as a c10sed sheet, then increase again with further growth of the cavitation length combined with the onset of detaching and cyc1ic cavitation.
The configuration with the hydrofoil made possible investigations on the effect of the pressure gradient by varying the angle of attack cr at constant velocity V o and constant cavitation length Lc. The pressure gradient is increasing with the angle of attack and this leads to an corresponding increase of the rms-values of the acoustic signais (see Fig. 5 ).
The dependence of the rms-values on the velocity V o at constant cavitation number cr is presented in Figs. 6 and 7 for the two configurations, respectively. The curves can be weil approximated by a proportionality between the rms-value and von with a velocity exponent n from 3 to 4. Assuming the pressure gradient proportional to von, the total number of nuc1ei supplied to the cavitation zone as proportional to V o and the number of nuc1ei becoming critical as increasing more with the velocity than the total number of nuc1ei, an exponent n > 3 seems to be realistic.
Il also corresponds to the velocity exponents of 6 to 8 which are usually reported for cavitation erosion taking into account that the intensity of bubble implosions is related to the square of the implosion pressures.
On site calibration and application of transfer functions
Based on the facts reported above, it seems possible to evaluate the absolute strength of bubble implosion energy if the transfer function between the pressure waves and the final electrical signal is known. This transfer function, inc1uding the effects of pressure wave attenuation in the liquid, reflection and absorption at the walls, transducer and filter response can be determined experimentally using an acoustic source with a known transmitting characteristic placed temporarily at the location where the cavitation bubble implosions are expected (<< on-site calibration »), ln the frame of our investigations, two different sources were tested: a miniature hydrophone used as transmitter and a device for generating sparc induced single bubbles. The transmitting characteristics of the two sources were calibrated in advance by submerging them in a large water reservoir of our laboratory. Hydrophones with known receiving characteristics served to determine the transmitted pressure amplitudes assuming free-field conditions for the transmission of pressure waves. Fig. 8 shows an example of the application of transfer functions to cavitation related signais. The upper diagram shows the frequency spectra of the original voltage signais which were received and converted simultaneously by a hydrophone located upstream of the test section and by an AE transducer attached to the outer surface of the test section. In the lower diagram, the results of dividing the original frequency spectra by the corresponding transfer functions are plotted as pressure amplitudes referred to free-field conditions at a distance of 1 m. In spite of the very different voltage output of the transducers, a good agreement results in respect to the pressure amplitudes calculated therefrom by the application of transferfunctions. This method, therefore, seems very promising for the acoustical determination of Hel.
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